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INTRODUCTION. 
The  reappearance  of  epidemic  meningitis  among  the  belligerent 
armies in Europe has led to numerous reports on the treatment of the 
disease.  For  the most part,  the antimeningococcic  serum has been 
employed, but in one instance at least the attempt has been made to 
improve  upon  the  serum  treatment  by  substituting  for it chemical 
treatment.  This attempt  to employ directly antiseptic drugs  in  the 
treatment of epidemic meningitis is a  revival of an old notion. 
The  circumstances  are  such  as  to  make  the  chemical  treatment 
favorable from  a  theoretical  standpoint.  The infection  tends  to be 
local,  that  is,  within  the  cerebrospinal membranes,  and not general 
or throughout the body.  The membranes are directly accessible from 
without, so that the chemical substance can be brought into immedi- 
ate relation with the seat of infection.  Moreover, the meningococcus 
as  cultivated  outside  the  body  is  uot  a  highly  resistant  micro- 
organism,  but is  readily  injured  by chemical  action,  and  is  indeed 
quickly injured  by  the  waste  products  of its  own  growth.  What, 
therefore,  is  apparently  simpler  or more  promising  than  to  control 
epidemic meningitis  by the  direct  application  by means  of lumbar 
puncture  of  bactericidal  chemicals  to  the  infected  and  inflamed 
cerebrospinal membranes? 
There is, moreover, still another theoretical reason for resorting to 
the chemical treatment of epidemic meningitis.  The meningococcus 
is  now known  to  be a  microorganism  which  occurs in  at  least  two 
varieties  or  types,  distinguished  as  meningococcus  and  paramenin- 
gococcus.  1  Their  main  differences are  immunological,  so that  they 
' Amoss, H. L., and Wollstein, M., Jour. Exper. Med., 1916, xxiii, 403. 
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are  subject  to  therapeutic  influences  through  antisera  only  when 
correspondence exists between the  infecting type of  microorganism 
and  the  particular  specific  antibodies  present  in  a  serum.  Pre- 
sumably, chemical agents being less specific would be less restricted 
in their effects, and might be expected to act quite irrespective of the 
type of meningococcus causing the infection. 
Wolff" has recently recommended the employment of  protargol in 
the treatment of epidemic meningitis, basing the recommendation of 
its  use on  eight  cases,  of which five  recovered.  The point  of de- 
parture  in  the  selection  and  administration  of  protargol  was  the 
successful employment  of so called colloidal silver preparations in the 
treatment of gonorrhea, and the close relationships as regards  con- 
ditions  of  culture, survival,  and  reaction  to  antiseptics  subsisting 
between gonococci and meningococci.  It is concededby Wolff that 
because of the highly variable clinical course of epidemic meningitis, 
the number of cases which he reports is too small to permit of the 
drawing of  any conclusions regarding  the  therapeutic  efficiency of 
the chemical.  He believes, however, that it is at least innocuous and 
can, therefore, be administered with  the assurance that  if  it  is not 
curative, it will do no harm. 
The first method of direct chemical treatment of epidemic meningitis 
to receive considerable attention was that in which lysol was employed. 
The method was introduced in  Lisbon  during  the  epidemic which 
prevailed  there in  the first years of the present  century, and  was 
briefly reported on by Seager  3 in  1902.  Following Seager's report, 
lysol was  tested in  the course of the epidemic from which Greater 
New  York  was  suffering  at  the  time?  This  epidemic  continued 
for several years and led to the working out of the serum treatment, 
but at that early date no specific means of combating the disease was 
known. 
It  is  remarkable  and  instructive  to  consider that  in  these  in- 
stances, namely, the one relating to lysol and the other to protargol, 
what appeared to be preliminary success was achieved by the chemical 
treatment.  Wider experience, however, led  to  the abandonment of 
2 Wolff, G., Deutsch. reed. Wchnschr.,  1915, xli, 1486. 
3 Seager, H. W., Lancet,  1902, ii, 1188. 
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the lysol treatment.  In  the meantime, knowledge has been gained 
and methods perfected through which the value  of  a  proposed form 
of  treatment  of  epidemic  meningitis  can  be  determined  experi- 
mentally in animals, with a  degree of accuracy exceeding that based 
on clinical  and  limited  statistical  observations on human beings. 
It happens  that  epidemic meningitis  in man  is  a  highly variable 
disease.  The severity fluctuates between clinical conditions so slight 
as to justify the term abortive being applied to certain cases, and at 
other times so severe (fulminant) as to cause death swiftly, and some- 
times with the first appearance  of symptoms.  Hence the mortality 
percentage  of  the  disease varies  in  different  epidemics  and  places. 
To  determine  approximately  what  the  effects of varying  modes  of 
treatment  are  it  is  necessary  to  compare  coincidently  treated  and 
untreated  cases of  sufficient number.  A  definite result is therefore 
obtained only after some time, and by comparing figures obtained in 
different localities and over a comparatively long period of time.  So 
long as the figures based on small local observations alone are avail- 
able, no final deduction can be made. 
The employment of animals  for the test is free of the uncertainty 
of  the  statistical  method.  The  dosage  of  the  culture  of  menin- 
gococcus can  be  adjusted  to produce the  result desired.  Then  the 
effect  and  the manner  of  the therapeutic  action  can  be  accurately 
ascertained.  Tests of this kind have been made with protargol and 
for comparison with lysol and  with  serum,  with  results  unfavorable 
to  the  chemical  treatment. 
EXPERIMENTAL. 
The experimental studies on epidemic meningitis carried out during 
the past 10 years have shown two kinds of animals to be suitable for 
determining  the  pathogenic  action  of meningococci  and  the  effects 
of therapeutic  agents in meningococcic infection.  The  animals  are 
monkeys  5 and young guinea pigs. 6  While  the  age  of  the  monkeys 
seems not to matter,  older guinea pigs are highly resistant to menin- 
gococcic infection.  The  cultures  of  meningococci are injected  into 
5 Flexner, S., Jour. Exper. Med., 1907, ix, 142. 
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the peritoneal cavity in  the guinea pigs  and into  the subarachnoid 
space in the monkeys, in the latter by means of lumbar puncture.  The 
injected  meningococci  set  up  local  inflammations  in  the  exudate 
attending which the fate of the microorganism can be followed pre- 
cisely, as in human  cases of epidemic meningitis in  which the cere- 
brospinal fluid is removed from time to  time by lumbar puncture. 
The changes occurring in the meninges or the peritoneum vary with 
the activity and the dose of the culture.  Non-virulent cultures are 
quickly phagocyted, no  considerable multiplication takes place, and 
the inoculated animals show few or no symptoms and recover fully in 
24  hours.  Active  cultures  multiply,  are  imperfectly phagocyted, 
and cause death according to the virulence and dose in 6 to 8 to  12 
hours in guinea pigs, and in 20 to 48 hours in monkeys.  At autopsy 
living meningococci are present in the peritoneal or meningeal exudate 
and  in  the blood.  Film  preparations  show meningococci free  and 
phagocyted also in the peritoneal fluid and more numerously in the 
omentum of the guinea pig,  and  both  free and phagocyted in  the 
exudate in the pia-arachnoid membranes of the monkey. 
In carrying out the experiments a  virulent strain of the meningo- 
coccus (Isadore) was employed.  Tests made to determine the optimum 
period of growth at which to employ the culture indicated it to  be 
after  about  18  hours'  incubation  at  37°C.  Sheep  serum  dextrose 
agar was used as a medium.  Growths 24 hours old infected far more 
irregularly than those 18 hours old.  The reason for the disparity is 
found in the spontaneous degeneration of the culture, which probably 
has already begun at  18 hours, and can be detected by microscopic 
examination at  22  hours.  In the guinea pigs it was  found in  this 
instance,  as  already described,  t  that  consistent results  are best  at- 
tained by employing one minimal lethal dose of the culture.  In this 
way, lack of protective power is made to assert itself readily, while 
the existence of protective power is easily demonstrated and can be 
further investigated.  In  monkeys the  infecting dose is  easily  de- 
termined, although the fatal dose is established less readily.  While 
these  animals  were  used  sparingly,  the  protocol  in  each  instance 
indicates  the  outcome  of  the  therapeutic  test  compared  with  the 
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taking place in  the  cerebrospinal  fluid  as followed by lumbar  punc- 
ture,  and  the  clinical  course  of  the  experimental disease,  to a  less 
definite  degree,  are  also  valuable  indications  of  the  action  of  the 
therapeutic agent. 
Tests with Guinea Pigs. 
The  guinea  pigs  ranged  in  weight  from  90  to  110  gin.  The  in- 
jections  were  intraperitoneal.  The  protargol  was  employed  in  0.2 
per cent strength, prepared by suspending the dried powder in sterile 
distilled  water.  The  cultures  of meningococci  on sheep  serum  agar 
after 18 hours' incubation were suspended in sterile salt solution, and 
injected  either immediately or after such intervals as are indicated in 
the separate experiments.  The dose was one re.i.d. 
TABLE I. 
Experiment 1.  Toxicity of Protargol. 
Weight  of guinea pig.  Quantity of suspension  injected.  Result. 
90 
90 
90 
90 
0.3 cc. +  0.7 cc. water. 
0.5  "  +0.5  "  " 
1.0  "  +  1.0  "  " 
2.0  "  +  2.0  .... 
Survived. 
Died in 38 hrs. 
The tests shown in Table I  may be taken to indicate that the toxic 
dose  of protargol  for young guinea  pigs  is well  above  the  dose  em- 
ployed for therapeutic purposes. 
Experiment 2.  Therapeutic  Tests  of Protargol  Intraperitoneally  in the Guinea 
Pig.--One m.l.d, of living culture in a total volume of 1 cc. was injected intraperi- 
toneally into young guinea pigs.  The amount of 0.2 per cent protargol suspension 
given was made up to 1 cc. with sterile water and injected at the time indicated 
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TABLE  II. 
Weight 
of guinea pig. 
110 
110 
95 
100 
99 
82 
82 
100 
110 
100 
75 
75 
95 
110 
Dose of protargol 
suspension. 
cc. 
0.5 
0.5 
0.5 
0.5 
0.I 
0.1 
0.1 
0.5 
0.7 
0.5 
0.1 
0.1 
0.25 
1.00 
Time of administration. 
Immediately. 
~c 
~c 
~¢ 
After  15  min. 
"  15  " 
"  1  hr. 
"  1  " 
Mixed  with  culture,  in- 
jected  after  1  hr.'s  con- 
tact. 
Result. 
Death  in  12  hrs. 
"  "  21  " 
"  "  15  " 
"  "  10  " 
~c  ,c  8  ~¢ 
"  "  19  " 
"  "  11  " 
"  "  12  " 
~c  ~c  8  ~c 
"  "  10  " 
"  "  15  " 
"  "  18  " 
"  "  25  " 
"  "  14  " 
This experiment is  conclusive in demonstrating that protargol in 
0.2 per cent suspension, the strength employed by Wolff,  2 is incapable 
of preventing in guinea pigs the lethal effect of a  single minimal fatal 
dose of the meningococcus, whether administered combined with the 
culture  immediately after  the mixture,  or whether the culture and 
protargol are injected separately 15  minutes apart.  The period of 
survival of the treated animals may be about the same as or somewhat 
greater than the controls.  Living meningococci are always found in 
the peritoneal cavity and in  the heart's blood.  In this  connection 
it is interesting to find that when the culture and protargol suspension 
which have been in contact for 1 hour are transplanted to fresh sheep 
serum agar, no growth is obtained; while, however, cultures from the 
peritoneal cavity of the dead animals which were inoculated with the 
mixture are positive, thus indicatfng that the protargol merely inhibits 
the growth of the meningococci, but may not destroy them in 1 hour's 
time.  This  observation  raises  the question whether the failure of 
the protargol is  due merely to its  imperfect bactericidal power,  or 
whether it depends upon lack of antitoxic power at the same time. 
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Experiment 3.  Therapeutic  Test of Protargol with Autolysate.--An autolysate  ~  of 
the meningococcus  was  prepared in the usual way by suspending  the culture in 
salt solution, adding toluene, incubating, allowing the toluene to evaporate, and 
centfifugalizing.  The clear supernatant fluid  was employed.  The  autolysate 
and  protargol suspensions  were  mixed  and  immediately injected, as shown in 
Table III. 
TABLE  III. 
Weight of 
guinea pig. 
90 
100 
110 
Dose of autolysate. 
0.25 cc. in 1 cc. salt solution. 
0.25  "  "  1  "  "  " 
0.25  "  "1  "  "  " 
Dose of suspension of 
0.2% protargol. 
None. 
0.5 cc. 
1.0  " 
Result. 
Died in 7 hrs. 
"  during  night. 
This  experiment  indicates  that  protargol  does  not  exhibit  pro- 
nounced antitoxic properties, although a  delay was noted in the fatal 
issue in the animals in which it was given. 
Mechanism of the Action of Protargol and of Antiserum. 
In carrying out the above tests which were made on several differ- 
ent  occasions,  control  observations  with  antim~mingococcic  horse 
serum  were  also  made.  The  quantity  of  serum  administered  was 
0.5  cc., and in every one of the six instances in which the antiserum 
was  given  the  animal  survived.  The  antiserum  was  also  injected 
in association with the protargol, without, however, preventing a fatal 
issue.  On  the  other  hand,  the  antiserum  influences  directly  the 
mechanism  of  action  of  protargol,  although  unable  apparently  to 
overcome wholly  some  injurious  effect  which  it  exerts.  The next 
experiment, therefore, was devised to bring out definitely the mechan- 
ism  of  action  of  the  protargol  in  comparison  with  the  manner  of 
action  of the  antiserum. 
Experiment 4.  Mechanism  of  the  Action  of  Protargol.--Four  guinea  pigs, 
ranging in weight from 90 to 110 gm., were employed.  Besides the inoculation 
of meningococci,  one of them  received immediately 0.5 cc. of a suspension  of 
0.2 per cent protargol alone; the second received 0.5 cc. of antiserum alone; and 
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the third 0.5 cc. of a  suspension of protargol and 0.5 cc. of antiserum in immedi- 
ate succession.  The fourth animal received only the culture.  All were chloro- 
formed  at  the  expiration  of  6  hours,  at  which  time the  control animal was 
prostrate and the others were definitely ill. 
The autopsies were made at once and the distribution of meningococci in the 
abdominal cavity studied by means of cultures and film preparations, and in the 
blood of the heart by cultures alone. 
Guinea Pig 1.  Protargol  Alone.--Two drops of the blood of the heart were laked 
in 0.5 cc. of sterile water and plated in sheep serum agar.  The colonies numbered 
about 2,000.  Two  drops  of  the  slightly turbid  peritoneal fluid were similarly 
plated.  The  colonies numbered  about  2,000.  The  film preparations from the 
fluid in the abdominal cavity showed  numerous  scattered meningococci  and a 
notable absence of polynuclear cells, and  the  omentum  showed  scattered  free 
meningococci and polynuclear leukocytes, of which a very small number contained 
diplococci, the leukocytes themselves staining feebly and appearing degenerated. 
Guinea Pig 2.  Antiserum Alone.--Two drops of the heart's blood were treated 
as in No.  1.  No colonies.  Two drops of the  somewhat turbid peritoneal fluid 
gave about  2,500  colonies.  Film preparations of  the  peritoneal fluid showed 
numerous  well  preserved  polynuclear  leukocytes  containing  many  meningo- 
cocci, while the extracellular diplococci, small in number, were arranged in small 
clumps.  The film preparations from the  omentum  exhibited  many more leu- 
kocytes, most of which were filled with meningoccoci in various stages of  dis- 
integration,  the  leukocytes  themselves appearing in normal condition.  A  few 
extracellular agglutinated meningococci were also present. 
Guinea  Pig  3.  Protargol and  Antiserum.--Two  drops  of  the heart's  blood 
yielded one colony, and two drops of the clear peritoneal fluid about 150 colonies. 
Film preparations of the peritoneal fluid showed a  smaller number of diplococci 
than in either of the preceding animals.  Polynuclear leukocytes were present, 
but in far smaller number  than in No.  2,  and many were degenerated and had 
rarely phagocyted the diplococcl.  Such meningococci as were present at all were 
agglutinated.  The films from the omentum showed somewhat larger numbers of 
degenerated polynuclear cells, of which a part contained meningococci, and quite 
numerous free, single and clumped diplococci. 
Guinea Pig 4.  Control.--Two  drops of  the  heart's blood gave about 2,000 
colonies, and two drops of the clear peritoneal fluid innumerable colonies.  Con- 
gestion of the peritoneal organs was more marked in this animal than in the others. 
Film preparations of the peritoneal fluid showed a very large number of particularly 
well preserved meningococci, but  no  polynuclear leukocytes, and  those  of the 
omentum showed a similar condition.  The absence of polynuclear cells from the 
latter structure is particularly noteworthy. 
This  experiment  confirms  the  observation  made  upon  the  guinea 
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significance is clear.  Protargol has some power to cause dissolution 
of the meningococci with which it  comes in  contact,  but  does not 
destroy all.  A later increase occurs and invasion of the blood stream 
takes  place.  Probably  the  injurious  action of the protargol arises 
from its antileukotactic properties,  for it causes degeneration of the 
polynuclear leukocytes aud prevents phagocytosis, both in vivo and 
in vitro. 
This particular action of the protargol is rendered obvious at once 
on  comparison with  the manner in  which the  antiserum  acts.  In 
this instance there is a  diversion of polynuclear leukocytes in large 
numbers to the peritoneal cavity and an acceleration of phagocytosis. 
Hence at a period at which many living meningococci are still present 
in  the abdominal cavity, practically no escape is  taking place into 
the general blood stream.  The addition of the antiserum to the pro- 
targol  obviates  partially  the  antileukotactic  effect  of  the  latter, 
but does not completely overcome it, because of the  injury inflicted 
by the chemical on the leukocytes brought out by the antiserum. 
Protargol is,  therefore, bactericidal for the meningococcus, as for 
the gonococcus, through direct chemical action, but it is not curative in 
meningococcic infection in the guinea pig, because being confined with- 
in the abdominal cavity it exerts a passive chemotactic and antiphag- 
ocytic influence on  the  polynuclear  cells  which  are themselves in- 
jured and destroyed through its action.  Thus the imperfect bacteri- 
cidal effect is inadequate to control infection, while the antileukotactic 
action is itself harmful and promoting of infection.  Moreover,  the 
masses of protargol are themselves taken up by leukocytes, to be trans- 
ported  doubtless  to  organs  in  which  the  substance  may  remain 
indefinitely. 
Tests with Monkeys. 
The  inoculation  of virulent  meningococci into  the  subarachnoid 
space  ill  monkeys  causes  an  acute  inflammation  which  extends 
throughout the meninges and into the cerebral ventricles.  Depend- 
ing upon  the pathogenic power and the dose,  the animal which de- 
velops symptoms within a few hours may die within 24 hours or may 
recover.  According as one or the other resu~lt is obtained, the menin- 
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and are perfectly phagocyted.  The cerebrospinal fluid at first remains 
clear,  then  becomes turbid  with  emigrated  polynuclear  leukocytes; 
finally  it  may  again  become  clear.  A  blood  invasion  often  follows 
within a  few hours of the inoculation, but is rarely present at the end, 
even in fatal cases. 
Experiment  5.  Control.--A  Macacus  rhesus was  injected  at  11  a.m.  intra- 
spinally with 2 cc. of a salt solution suspension, representing  1½ agar slant cul- 
tures of meningococcus, the strain being the same as that used in the experiments 
on the guinea pigs.  5.00 p.m.,  animal sick.  Lumbar puncture yielded a  fluid 
already turbid, giving positive culture and showing on films many meningococci, 
few leukocytes, and little phagocytosis.  Blood taken from arm vein gave posi- 
tive  cultures.  9.00  a.m.  the  next  day, prostrate.  Lumbar  puncture  yielded 
highly turbid fluid,  giving positive cultures and films in which leukocytes were 
numerous and of which many contained meningococci; free diplococci were also 
present.  Death at 3.30 p.m.  Survived 20½ hours. 
Autopsy.--The membranes of the brain and spinal cord showed turbid fluid and 
congestion.  The  cultures  and  film  preparations  confirmed  previous  findings. 
Both  intra-  and  extracellular  meningococci  were  present.  Cultures  positive. 
Cultures of heart's blood negative. 
Sections  from  the  brain  and  spinal  cord  show  an  acute  fibrinopurulent 
meningitis, most pronounced over the convex surface of the brain.  The ventricles 
are involved slightly.  Many diplococci are present in the exudate and are con- 
tained chiefly, if not wholly within leukocytes. 
Experiment  6.  Treatment with Antimeningococcic Horse Serum.--8.30 a.m.,  a 
Macacus rhesus received intraspinally an injection of a suspension of meningococci 
as in Experiment  5.  12.30  p.m.,  lumbar puncture yielded cloudy fluid,  giving 
positive cultures.  Films showed numerous meningococci, pus cells,  and phago- 
cytosis already present.  The culture from the heart's blood was negative.  2 cc. 
of antiserum were injected.  4.30  p.m.,  animal  appeared  well; lumbar puncture 
yielded turbid fluid,  giving  positive  culture  and  showing  in  the  film  marked 
phagocytosis  and  agglutination  of  all  extracellular  meningococci.  8.30  p.m., 
active.  28  hours  after  the  inoculation  the  animal  appeared  well;  lumbar 
puncture yielded a turbid fluid which gave a negative culture.  The films showed 
many  leukocytes,  some  containing  meningococci  and  very  few  extracellular 
diplococci.  A number of endothelial cells  and lymphocytes were present.  The 
animal remained well. 
Experiment  7.  Treatment  with  Protargol.--8.30  am.,  a  Macacus  rhesus 
received an equal part of a suspension of the culture used in the previous experi- 
ments.  12.30 p.m., little change in condition.  Lumbar puncture yielded a cloudy 
fluid, from which cultures were positive and films show many leukocytes and well 
advanced phagocytosis of meningococci; some free meningococci were also pres- 
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lying down, drowsy, surface cold, limbs spastic.  4.00 p.m., respiration rapid, slight 
convulsion recurring frequently.  Blood withdrawn at this time gave a positive 
culture.  4.30 p.m., died.  Survived 8 hours. 
Autopsy.--No lesions were found outside the cerebrospinal  membranes.  The 
meninges  contained an  excess  of almost  clear fluid.  No  marked  congestion. 
Cultures from the meninges of the brain and spinal cord yielded luxuriant growth. 
Films showed  a  large number of  meningococci,  both intra- and  extracellular, 
and  a  widespread  degeneration  and  even  disintegration  of  leukocytes.  The 
meningococci  stain  sharply  and  deeply.  The  choroid  plexus  of  the  lateral 
ventricle and the meninges of the olfactory lobes  gave results similar to those of 
the other membranes.  Cultures from the heart's blood were positive.  Moreover, 
cultures prepared from the nasal mucosa yielded, among other bacteria, typical 
meningococci,  possessing  identical agglutination reactions with  the strain em- 
ployed for inoculation. 
The  microscopic  examination  of  sections  from  the  central nervous organs 
shows many pus cells, with here and there red corpuscles,  and no fibrin.  The 
number of meningococci  present is very large.  Some degree of phagocytosis 
exists; but a striking phenomenon is the packing of lymph spaces with innumer- 
able diplococci.  They invade  the  pial  spaces,  infiltrate the  superficial  layers 
of  the  cerebral  cortex, and  follow the  perivascular  spaces  for some distance 
into the cortex.  Certain coagula of red and white corpuscles within the central 
ventricles also enclose diplococci. 
A  comparison of the results in the three monkeys inoculated with 
meningococci and left in one case untreated, and in the others treated 
either with antiserum  or protargol, is unfavorable to  the  treatment 
with protargol.  The untreated  or control animal succumbed under 
conditions  indicating  definite  if  inadequate  reaction  against  and 
resistance  to  the infection.  The serum-treated  animal  was  already 
ill when the antiserum was administered,  the effect of which was to 
disperse  almost  immediately all  the  symptoms  and  lead  to prompt 
recovery, coincidently with the removal by phagocytosis of the men- 
ingococci.  The third monkey exhibited practically no symptoms 4 
hours after the inoculation when the protargol was given, but pros- 
tration  and  rapid  intensification  of  symptoms  followed almost  im- 
mediately.  Death  occurred 4  hours  later.  The  causes  of  the  un- 
favorable results are to be sought in the two or three main effects of 
the  protargol:  (a)  on  the  leukocytes,  which  already  present,  were 
greatly injured;  (b)  on the meningococci, which doubtless were also 
affected  through  direct  bactericidal  action  from  which  toxic  sub- 
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multiplication  of  surviving  diplococci,  since  the  immense  numbers 
present  in  the  lymph spaces as well as in  the exudate indicate rapid 
growth. 
A repetition of the experiment in which protargol was used was made 
in Experiment 8. 
Experiment  8.  Treatment  with  Protargol.--ll.15  am.,  a  Macacus  rhesus 
received intraspinal inoculation of one agar slant culture, 18 hours old.  3.15 p.m., 
slightly ill;  on perch.  Lumbar puncture yielded cloudy fluid;  culture positive. 
Films showed few leukocytes and many free meningococci.  Injected 2 cc. of 0.2 
per cent protargol suspension.  4.00 p.m., animal prostrate and spastic.  5.00 p.m., 
refused to rise.  Died 5.00 a.m. next day.  Survived 18 hours. 
Autopsy.--No  obvious visceral lesions  outside  the  central  nervous  system. 
Turbid fluid in meninges, especially evident in sulci of cerebral convolutions.  The 
general gray color of the cortex was about normal, but two symmetrical rectan- 
gular areas measuring 2 by 4 cm. were deeply congested and contained petechial 
hemorrhagic spots.  They  lay  anterior  and  posterior to the fissure  of Sylvius 
and extended to  the  midparietal  sulcus  comprising the  ascending and  inferior 
marginal convolutions.  A few separate hemorrhages existed in the first temporal 
lobe, and the congestion and hemorrhages appeared to be confined to the gray 
matter.  Cultures  from the heart's blood and  from several levels of the spinal 
cord  and different surfaces of the brain were  positive  for  the  meningococcus. 
Film  preparations  showed many  diplococci,  few  if any leukocytes, and  little 
phagocytosis.  Impression films prepared from the congested area of the brain 
contain scattered meningococci,  few leukocytes, and almost no phagocytosis. 
Sections from the brain show edema of and many leukocytes and red corpuscles 
within the meninges.  The axudate contains many diplococci,  both extra- and 
intracellular.  In places the diplococci  extend into  the superficial  layer of the 
cortex and slightly into the perivascular lymph spaces.  These are far less numer- 
ous than in the 8 hour specimens.  The affected cortex is congested and is the seat 
of many hemorrhages of varying size.  The escape of blood is partly into  the 
tissues and partly into the perivascular lymphatics.  There is no obvious special 
relation between the hemorrhages and the diplococci. 
A  control for this monkey which received an identical quantity  of 
an 18 hour culture was made ill, but recovered without treatment and 
following the spontaneous phagocytosis of the meningococci. 
The  differences in  general  disadvantageous  to  the  protargol  arose 
,also  in  instances  in  which  neither  the  untreated  control  nor  the 
treated  monkeys  succumbed.  In  these  instances  cultures  24  hours 
old were employed.  The symptoms set in more slowly than when  18 
hour cultures were used and became less severe, abating wholly later. SIMON"  FLEXN"ER  AN.D  HAROLD  L.  AMOSS  695 
But the monkeys given protargol suffered intensification of the symp- 
toms  almost  immediately  after  the  injection  and  recovered much 
more  slowly than  the  untreated  animals.  In  conformity with  this 
fact it was found that the meningococci survived longer in the cere- 
brospinal fluid in the treated animals  than in the control.  A  single 
experiment is given to bring out the distinction mentioned. 
Experiment  9.  Control.--8.50  a.m., a Macacus rhesus received an intraspinal 
inoculation of 1¼ agar slant cultures of meningococci.  2.50 p.m.,  slightly ill. 
Turbid  lumbar  puncture  fluid  gave  growth.  The  films  showed  numerous 
leukocytes,  few  meningococci,  and  little  phagocytosis.  Blood  cultures  were 
negative.  The symptoms progressed slowly and never became severe.  24 hours 
after inoculation, the  animal  was  still  ill,  but  improving.  Lumbar puncture 
yielded turbid fluid, which gave negative cultures.  Film preparation of the fluid 
showed numerous leukocytes and few meningococci all within phagocytes.  With- 
in another 24 hours the animal had recovered. 
Experiment  10.  Treated.--8.30  a.m.,  a  Macacus  rhesus received  intra- 
spinally 1½ agar slant cultures.  12.30 p.m.,  ill.  The turbid lumbar puncture 
fluid gave positive cultures.  The film showed many leukocytes, few meningo- 
cocci, and slight phagocytosis.  Injected I cc. of 0.2 per cent protargol suspension. 
1.30  p.m.,  very ill.  5.00 p.m.,  condition  unchanged;  blood  culture  positive. 
Turbid lumbar puncture fluid gave positive cultures.  Film showed many leuko- 
cytes, of which  some contained meningococci;  many extracellular meningococci 
also.  10.00  p.m., animal lying on bottom of cage;  aroused with difficulty.  24 
hours after inoculation, improving.  Turbid lumbar puncture of fluid still showed 
intra- and extracellular diplococci.  No growth was obtained in culture.  At the 
expiration of another 24 hours, the animal had still  further improved, but several 
days elapsed before recovery was complete. 
Effects  of Lysol. 
The  fact  has  already  been  mentioned  that lysol  has been em- 
ployed  in  the  treatment  of  epidemic  meningitis  with  at first,  as 
was  supposed,  beneficial  results.  Although  a  wider  employment 
led  very  soon  to  its  abandonment,  yet  the  outcome  of the  stud- 
ies  of  protargol  suggested  determining  also  the  manner  in  which 
]ysol acts.  For this purpose small guinea pigs were employed.  Two 
sets  of  tests  were  made:  one  in  which  the inoculated animals were 
allowed  to  succumb,  the  other in which  they were  chloroformed at 
the expiration of 6 hours, in order to ascertain just what changes were 
taking  place  in  the  peritoneal  cavity.  The  lysol was  employed in 696  TI~EAI~ENT  OF EPIDEMIC  MENINGITIS 
1 per cent solution, which was the  strength used in human cases of 
meningitis.  The  injection  was  made  immediately  following  the 
injection of the culture, both being given into the perit6neal cavity 
(Table IV). 
TABLE  IV. 
Experiment 11.  Therapeutic Test of Lysol. 
Weight  Quantity of culture  Treatment.  Result. 
of guinea pig.  inoculated. 
gill. 
100 
100 
100 
I00 
100 
100 
1 m.l.d. 
1  u 
,, 
None (control). 
1 cc. lysol (control). 
0.5 cc. lysol. 
0.5cc. lysol+  0.5  cc. 
antiserum. 
0.25 cc. lysol +  0.5 cc. 
antiserum. 
O. 5 cc. lysol. 
Died in 10~ hrs. 
Survived. 
Died  in  7 hrs. 
"  "32  " 
"  "20  " 
"  "12  " 
Guinea Pig 1.  ControL--Peritoneal fluid clear.  0.05 cc. plated gave innumer- 
able  colonies  of  meningococci,  as  did  the  same  quantity  of  heart's  blood. 
Films of  peritoneal fluid showed  enormous  numbers  of  meningococci, but  no 
cells.  Films from  the  omentum  showed  extremely few  leukocytes containing 
meningococci. 
Guinea Pig 2.--Considerable amount of clear peritoneal fluid.  0.05  cc. plated 
gave innumerable colonies.  Same amount from heart's blood gave 250 colonies. 
Films of the peritoneal fluid showed large numbers of diplococci, well preserved 
but agglutinated into small clumps.  No leukocytes present.  Films of the omen- 
turn  showed  a  considerable number of leukocytes, many containing diplococci 
and many extracellular diplococci agglutinated. 
Guinea Pig 3.--Very small amount of turbid peritoneal fluid.  0.05 cc. plated 
gave innumerable colonies.  Same quantity of heart's blood gave 200 colonies of 
meningococci.  Films of peritoneal fluid showed numerous leukocytes filled with 
diplococci, and  large numbers of diplococci arranged in small clumps remaining 
extracellular. 
Guinea Pig 4.--Small amount of turbid peritoneal fluid.  0.05 ce. plated gave 
1,000 colonies.  Same quantity of heart's blood gave no  colonies.  Films of peri- 
toneal fluid showed numerous leukocytes, some staining badly, many containing 
diplococci, and a considerable number of small clumps of extracellular diplococci, 
some  partly disintegrated.  Films of  the  omentum  showed more phagocytosis 
and a smaller number of extracellular diplococci. 
Guinea  Pig  5.--A  considerable amount  of turbid peritoneal fluid.  0.05  cc. 
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toneal fluid showed many leukocytes and a small amount of phagocytosis, besides 
extracellular clumps of diplococci.  Films of the omentum showed more phago- 
cytosis than, the  peritoneal fluid  and  a  larger number  of  leukocytes,  besides 
extracellular diplococci. 
Guinea Pig 6.--A considerable amount  of turbid peritoneal fluid.  0.05  cc. 
plated  gave  innumerable  colonies,  as  did  the  heart's  blood.  Films of  the 
peritoneal fluid showed  numerous  leukocytes, a small amount  of phagocytosis, 
and numerous clumped extracellular diplococci.  Films of the omentum showed 
numerous leukocytes, slight phagocytosis, and extracellular diplococci occurring 
in clumps. 
Mechanism  of the  Action of Lysol. 
Themode  of the  action  of lysol was  studied  by  inoculaffng  three 
young  guinea  pigs  with  one  minimal  lethal  dose  of  culture  and 
treating  them  immediately  with  1  per  cent  lysol or  1  per cent  lysol 
plus  antiserum,  as  indicated in  Table  V. 
TABLE  V. 
Experiment I2. 
Weight  ~)uantity of cul.  Treatment immediately  after  Condition after 6 hrs. 
of guinea pig.  ture inoculated,  inoculation. 
gm° 
100 
100 
100 
1 m.l.d. 
1  " 
1  " 
0.5  cc. lysol -t- 0.5  cc. water. 
0.25  "  "  +0.75  "  " 
0.25  "  "  +0.25  "  "  + 
0.5 cc. antiserum. 
Dead. 
Very sick. 
Prostrate. 
The  two  guinea  pigs which  still survived were  chloroformed and  autopsies 
performed  at  once. 
Guinea Pig  /.--Peritoneal  fluid  clear.  0.05  cc.  plated  gave  innumerable 
colonies of meningococci.  Same  quantity  of  heart's blood gave  100  colonies. 
Films of  the  peritoneal fluid showed  many  meningococci and  few  leukocytes, 
there being almost no  phagocytosis, while the leukocytes stained feebly.  The 
meningococci were chiefly aggregated into clumps of 10 or 20 individuals.  They 
stained as a  rule diffusely and not sharply.  The omentum showed many more 
leukocytes, almost all containing meningococci singly and in small clumps.  The 
phagocytes stained feebly. 
Guinea Pig 2.--Peritoneal fluid clear.  0.05  cc. gave innumerable colonies of 
meningococci.  Same quantity of heart's blood gave about 100 colonies.  Films 
of peritoneal fluid and omentum showed a condition similar to No. 1. 698  TREATMENT  OF  EPIDEMIC  MENINGITIS 
(~inea  Pig  &--Peritoneal  fluid turbid,  gave  150  colonies of meningococci 
and  the same quantity of heart's  blood gave  three  colonies.  Films from the 
peritoneal cavity showed no diplococci whatever, either free or in leukocytes, of 
which a  good number  in  excellent preservation  were present.  Films from the 
omentum  showed large numbers of well preserved leukocytes, of which a few 
contained  meningococci, either  sharply  stained  or disintegrating;  extracellular 
diplococci were practically absent. 
It may in brief be stated that the exlaeriments with guinea pigs indi- 
cate  that  lysol is  antileukotactic  to  an  even greater  degree  than  is 
protargol.  Moreover, the antiserum  is capable in this case of over- 
coming to even a  further  extent the negative chemotacfic and  anti- 
phagocytic  action  of  the  chemical.  Obviously the  combined  toxic 
power of the chemical and the disintegrating effect upon the meningo- 
cocci, notwithstanding  the action  of the  serum,  bring  about a  fatal 
issue. 
DISCUSSION. 
The results of the tests with protargol and with lysol are consistent. 
The chemicals have shown themselves not to be curative, but rather 
to be injurious in experimental meningococcic infection in guinea pigs 
and monkeys.  Far from exhibiting power to  convert a  fatal into  a 
non-fatal  issue,  they have  shown rather  a  reverse  tendency.  Even 
when, as in certain tests on monkeys, recovery occurred after employ- 
ing protargol,  the symptoms of the  treated  animals  were intensified 
as compared with the untreated  control animals. 
The explanation of the unfavorable effect of the chemicals is supplied 
by the study of the processes occurring in the peritoneum  of guinea 
pigs and  the subarachnoid  space of monkeys.  The key to recovery 
from infection with the meningococcus is furnished by the phenomenon 
of  phagocytosis.  Whatever  means  promote  phagocytosis  under 
conditions in which the leukocytes remain potent,  facilitate recovery; 
whatever  means  lead  to  the  reverse  effect  interfere  with  recovery. 
The chemicals have been shown to be antileukotactic, antiphagocytic, 
and  indeed  to  be cell poisons  of  considerable  power.  Hence  when 
they are brought into relation with the seat of infection, they prevent 
emigration  of  leukocytes  on  an  adequate  scale,  and  they  reduce 
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Moreover, they also injure and bring about degeneration of the leu- 
kocytes themselves. 
The resultant of this set of injurious activities is to open the way 
for a free invasion of the blood by the meningococci and for almost 
unrestrained multiplication in the serous cavities. 
The  chemicals do  exert  a  direct bactericidal  action  upon  such 
meningococci as  come  under  their  influence under  conditions  of 
suitable  concentration, but  n6t  all  the meningococci are  thus  de- 
stroyed.  Those which survive multiply almost without hindrance; 
while the absence of detoxicating power on the part of the chemical 
permits  the  disintegration products  of  the  destroyed meningococci 
to exert their poisonous effect upon the animal organism. 
The manner of action of the chemicals is precisely the reverse of the 
antiserum.  The latter acts leukotactically and brings into  the in- 
fected serous cavities a  far larger number of leukocytes than would 
otherwise appear there in the  same period  of  time.  Moreover, by 
preparing the meningococci for phagocytosis by supplying opsonin 
and  by  facilitating  that  process  by  agglutinating  the  diplococci, 
the  serum greatly promotes  the  englobing of  the microorganisms. 
Finally,  through  the  possession  of  antitoxic  power  it  neutralizes 
whatever endotoxin may be liberated by the disintegrating diplococci. 
It is,  therefore, not remarkable to find, as the  experiments have 
shown,  that  the  antiserum is  capable  of  overcoming part  of  the 
defects of the chemicals.  Because of its leukotactic and phagocytic 
properties,  the  antiserum removes some of  the  damage which the 
chemicals produce on account of their antagonism to those essential 
phenomena.  But combinations of the chemical and the antiserum 
have proven less effective in  combating experimental meningococcic 
infection than the antiserum alone, from which the deduction may 
be  made  that  whatever  benefit  may  attach  to  effective direct 
bactericidal  action  by  the  chemicals,  irrespective  of  the  type  of 
meningococcus causing  the infection, is  lost because of the dangers 
arising  from  their  antiphagocytic effects and  lack  of  detoxicating 
properties. 
Doubtless the introduction of the chemicals into the subarachnoid 
space in man has been made without the uniformly serious  conse- 
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discrepancy is  perhaps  obvious.  The  relative  dosage,  considering 
comparative size and weight, was far less in man than in the animals. 
Hence it may be assumed that the injurious effects, if any were pro- 
duced, were masked.  To assume, on  the other hand,  that because 
no evidence of untoward action was detected in the treatment with 
protargol, and five out of eight cases of epidemic meningitis treated 
with that chemical recovered, the drug has curative properties, is to 
disregard  previous  experience with  simple  lumbar  puncture,  with 
lysol,  and with  other methods of treatment which for a  time and 
because of the variable severity of cases of epidemic meningitis seemed 
to offer encouragement.  It is not probable  that such active proto- 
plasmic poisons as protargol and lysol can be employed with impunity 
for direct introduction into  the closed cavity of serous membranes, 
the seat of the meningococcic infection. 
SUMMARY. 
Claims of efficiency  have been made at two widely separated periods 
for the chemical treatment of epidemic meningitis,  in  the first in- 
stance for lysol and in the second for protargol.  The use of lysol was 
long since abandoned; the recommendation for protargol is based on 
a  single series of cases,  small in number.  Because of the variable 
severity of epidemics of meningitis,  small reliance can be  placed on 
results of treatment limited in extent to small numbers of cases and 
to one locality.  A  more uniform and accurate measure of the value 
of a method of treatment is provided by animals infected experiment- 
ally with pathogenic cultures of meningococci. 
Young guinea pigs respond in a definite manner to intraperitoneal 
inoculation  of  virulent  meningococci.  Neither  protargol  nor  lysol 
proved  to  have any curative action  on  the  experimental infection 
thus produced in these animals. 
Monkeys respond in a  characteristic manner to the inoculation of 
virulent  cultures into the subarachnoid space.  Protargol displayed 
no  curative  action  on  the experimental infection thus produced in 
these animals. 
On  the  contrary,  both  lysot  and  protargol  exert  antileukotactic 
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and the leu.kocytes with which they come in contact are injured and 
made to degenerate.  According to the extent to which these harmful 
properties  are  exerted,  the  chemicals promote the  advance  rather 
than restrain the progress of meningococcic infection. 
Recovery from/neningococcic infection in man and animals is ac- 
complished chiefly through the process of phagocytosis.  The specific 
antiserum acts curatively by increasing the emigration of leukocytes, 
by promoting phagocytosis directly, and  by  agglutinating the  me- 
ningococci, and also by neutralizing endotoxin.  Any means which 
interfere with and reduce these essential processes retard or prevent 
recovery.  Both lysol and protargol interfere with and diminish the 
emigration of leukocytes and the phagocytosis of meningococci, and 
neither possesses antitoxic power. 
The mixture of antiserum with lysol and with protargol reduces to 
a certain extent the antileukotactic and antiphagocytic effect of the 
chemicals; but this action is insufficient to set aside wholly the injur- 
ious effects which they produce. 
It follows, therefore, that whatever theoretical advantages might 
accrue from a  bactericidal activity exerted by these chemicals inde- 
pendently of the type of meningococcus causing epidemic meningitis, 
is more than offset by the harmful effects which they cause. 
Hence specific antiserum seems to provide the logical therapeutic 
agent with which to combat epidemic meningitis, since it  is  itself 
innocuous and promotes those processes essential  to  recovery  from 
the disease.  The problem up to the present has been  that  of  pro- 
ducing an antiserum which represents the several types of the menin- 
gococcus, and  this problem is now in a fair way to being solved.  1 